The Patagonian opossum, Lestodelphys halli, is known from a few skeletons of captured animals and several isolated fragments recovered from owl pellets in Argentina. Recently, more than 300 remains (mandibles, maxillae, crania, and other bones) were found in owl pellets and associated bones, comprising the largest known collection of L. halli. A detailed morphological analysis of craniomandibular and dental variation is reported and comparisons with other small didelphids also are made. Intraspecific variation is discussed and differential diagnosis of the species is presented.
Given the small number of specimens of L. halli available for study in museum collections, some of the character states have been incorrectly scored and morphological features may have been incorrectly interpreted. Apart from this, very few studies assess the intraspecific variability in ''marmosines'' (sensu Voss and Jansa 2003) , with most previous works addressing different issues at different specific levels (Hershkovitz 1992; Palma and Yates 1998; Tate 1933) .
Fieldwork in northwestern Chubut Province, Argentina, has provided a large number (.300) of isolated mandibles, maxillae, and crania of L. halli, which are used here to assess intraspecific variation throughout the central part of its geographic range, compare these values with other distant populations, and reanalyze some of the characters used in previous phylogenetic studies. Finally, a differential diagnosis (sensu Winston 1999) based on dental and craniomandibular characters is presented.
MATERIALS AND METHODS
Over the past 3 years, I collected owl pellets and associated remains from nesting and roosting sites of barn owls (Tyto alba) and magellanic horned owls (Bubo magellanicus) near the city of Esquel (Chubut Province, Argentina; see Martin [2003] for an account of the new localities). Pellets were disaggregated with hot water and the bones were identified by using comparative material and bibliographic references (Marshall 1977; Pearson 1995) . I treated skeletal elements found in the same pellet as belonging to the same specimen and isolated remains (not contained in owl pellets) as individual specimens. I calculated the minimum number of individuals and number of identified specimens for each locality and the total analyzed sample by following Lyman (1994) . Cranial remains were identified as left mandible, right mandible, left maxilla, and right maxilla; skulls only were counted as including both left and right maxillae; and complete skulls represented Abbreviations are as follows: i, I, lower and upper incisors, respectively; c, C, lower and upper canines; p, P, lower and upper premolars; dp3, dP3, deciduous lower and upper premolars; m, M, lower and upper molars; n, number of specimens analyzed. I made 18 measurements of crania and mandibles ( Fig. 1 ) from adult specimens (as indicated by tooth eruption, i.e., showing all molars and premolars erupted and in place); measured length and width of each molar; and calculated approximate molar area (for upper molars by using the formula length Â width/2, and for lower molars by length Â width). Selected characters I analyzed have been used previously by other authors (Marshall 1977; Reig et al. 1987; Voss and Jansa 2003; Wible 2003) with some exceptions. First, because the remains were fragmentary, some bones were either missing or showed little variation (n was too small) from the patterns discussed previously (e.g., premaxillae) and were not included in this report. Second, particular attention was focused on the arrangement of stylar cusps, because this character was previously used as diagnostic for the species (Godthelp et al. 1999; Solari 2003) . Third, the basicranium and most of the bullae were either broken or missing in most specimens recovered.
Description of eruption patterns and function partially follows Tribe (1990) and Vidigal and Patton (1996) . Comparisons with Thylamys and Gracilinanus were made to provide a differential diagnosis, as proposed by Winston (1999) . Cranial anatomy follows Wible (2003) , except for palatal morphology, which follows Voss and Jansa (2003) .
Measurements of adult specimens were used to assess intraspecific variation (including possible sexual dimorphism) and data sets were tested for normality and compared with those in the literature (Birney et al. 1996a (Birney et al. , 1996b Marshall 1977; Reig et al. 1987; and others) and a few previously unreported specimens. I calculated the coefficient of variation to find out if specimens recovered from owl pellets come from a conspecific sample. Comparisons of coefficients of variation between localities with larger samples were made to test the homogeneity of dental measurements. Because the remains are fragmentary, mandibular, maxillary and cranial sets were analyzed separately.
RESULTS
Total number of specimens measured (n), mean, SD, range, minimum and maximum of each variable, and coefficient of variation are presented in Table 1 . The minimum number of individuals, number of identified specimens, and number of specimens for each locality are given in Table 2 . Comparisons of FIG. 1.-Diagrammatic views of skull and mandible of Lestodelphys halli illustrating measurements taken: 1) greatest length of nasals; 2) least interorbital constriction; 3) braincase width; 4) zygomatic breadth; 5) length of M1-4; 6) length of P1-M4; 7) rostral width at canines; 8) palatal length; 9) length of maxillopalatine fenestrae; 10) palatal width; 11) width of bulla; 12) distance between bullae; 13) length of m1-4; 14) coronoid width; 15) coronoid height; 16) mandibular height (measured under the posterior root of m3); 17) articular condyle width; 18) mandibular height. dental measurements between the largest samples (Arroyo Pescado, Colan Conhué, and Mayoco) and total number of specimens measured is presented in Table 3 .
Character Descriptions
Crania.-Nasals appeared parallel-sided for the anterior two-thirds, expanding sideways to the joint between the nasomaxillary and the frontal suture, forming a moderate Mlike suture (the upper opening of the ''M'' toward the suture with frontal bones). No significant variation was found in length and width of nasals (n ¼ 22). Postorbital processes of frontal bones show variations from moderately or well developed (specimens LIEB-M-583, LIEB-M-526, LIEB-M-475, and LIEB-M-341; all specimens as in Appendix I) to weakly or slightly developed (LIEB-M-301 and LIEB-M-342). The frontals also show slightly developed parallel crests that tend to merge posteriorly to the least interorbital constriction (LIEB-M-638 and LIEB-M-481). The presence of processes was not related to development of crests (LIEB-M-526 and LIEB-M-583) because some specimens have well-developed processes and no crest and vice versa. This variation was not geographical and can only be coded as intraspecific variation. These crests do not merge into a sagittal crest in any of the specimens I examined (n ¼ 30).
Palatal morphology.-The incisive foramina are small and showed little variation in size or shape. Maxillopalatine and palatine fenestrae exhibit high variation (Fig. 2) , from an almost completely ossified palate (Fig. 2B ) to those that are highly fenestrated (Figs. 2A and 2G) . Maxillopalatine fenestrae showed the highest variation in shape and extension, and were medium sized in most specimens. The ossification of these vacuities showed 2 main patterns: closed at the palatine portion (Figs. 2B and 2F) , or closed at the junction between maxillary and palatine bones (Figs. 2D and 2E ). The palatine fenestrae vary from large, round, and open (Figs. 2A and 2G) to fully enclosed (Figs. 2B and 2F). I did not find maxillary fenestrae in any specimen examined. The posterolateral palatal foramina are large, rounded, and usually extend to the lingual border of M4 (with a few exceptions), giving the posterior end of the palate a broad (laterally) and extended (posteriorly) form.
Auditory bulla.-I found no intraspecific differences in the bullae of the specimens analyzed (n ¼ 27).
Mandibles.-The mandibles appeared different in height and width, with measurements highly correlated (n ¼ 193, r ¼ 0.7547, P , 0.005). According to their age (which was characterized by the position and eruption of permanent teeth in the mandibular ramus), older specimens differed from younger ones by having higher and proportionately thinner mandibles (with younger animals showing the opposite pattern). The mandibular symphysis extends predominantly to a medial point between the roots of p3, but in a few specimens the symphysis ends either at the anterior or posterior edge of this tooth. The mandibles typically presented 2 mental foramina (sensu Wible 2003) . The 1st and most conspicuous one is located ventral to the roots of p1 and also showed less variation in its position. The 2nd foramen varied in position from the posterior root of m1 to a point between m2 and m3. Almost one-half of the specimens analyzed presented a 3rd, and a few even a 4th, small foramen in varied positions but always between the 2 mentioned above. Height and width of the ascending ramus of the coronoid process also presented differences according to age, with the highest and widest values present in the oldest individuals (characterized by worn teeth).
Dentition
Incisors.-Most of the specimens analyzed had lost the incisors, which made noting characteristics of the alveoli easier. The upper alveoli roughly exhibit the same shape and size, decreasing slightly from I2 to I5. Interestingly, they show an oval (to rectangular) shape, with the biggest extension in the buccolingual axis. The lower alveoli exhibit the traditionally accepted staggered condition, with a size decrease from the i1 to i4. Initially, i1 and i2 seem to come from 1 large alveolus, separated from the alveoli of i3 by a buttress, and without a distinctive alveolus for i4, which seems to share its alveolus with the canine. A closer view of the large alveolus reveals a thin but distinctive internal separation between the true alveoli of i1 and i2. The alveolus of i3 appears small and ventral to that of i2. An examination of the alveolus of the canine reveals a small but distinctive socket, where a functional i4 inserts. Specimens that preserve all or some of the incisors show that i1, i3, and i4 are curved almost from their base, whereas i2 is procumbent and straight (Fig. 3) . The crowns of all 4 teeth are roughly the same size.
Molar size.-Analysis of molar areas show M3 and m4 as the largest teeth in the maxilla and mandible, respectively. The anteroposterior compression and buccolingual expansion observed in M4 are responsible for an area equal to or slightly smaller than that of M1. In this context, size increases from M1 to M3, with a reduction in the area of M4 and the closest values between M2 and M3. M3 shows the largest range of variation. However, m4 is the largest tooth of the mandible, ranging from values closer to the smallest size of m3 up to almost twice as large (the largest m4 do not always correspond to smallest m3 in the same mandible). Lower molars increase in size from m1 to m4. The first 2 molars have the same approximate size range and the greatest size variation is found in m4, with m3 having a more constant area (Table 1) . The size and shape of the m4 talonid is variable, with some specimens being buccolingually compressed, whereas the talonid is wider in others. In some specimens, the cristid obliqua closes (without intersecting) more or less lingual to the carnassial notch, with a variation in size and shape of the talonid basin. There also was variation in the anteroposterior compression of the m4. cingulum. A different anteroposterior compression of the protocone has been observed, with the most common pattern being that of a wide preprotocrista that reaches the base of the paracone (LIEB-M-370). In other specimens, the preprotocrista continues as a narrow cingulum that extends and merges into the anterior cingulum. A similar but more pronounced variation was found in the arrangement and distribution of the talonid cusps of m4 (Fig. 4) , from entoconid-hypoconulid-hypoconid grouping (LIEB-M-461) to the extreme of having the 3 cusps separated from each other (LIEB-M-359 and LIEB-M-477). This widens the talonid of the m4, resulting in a larger molar area (Table 1) . These patterns are not characteristic to certain localities, producing no particular arrangement throughout the analyzed specimens and localities.
Stylar cusps.-Some authors have characterized Lestodelphys as having a well-developed stylar cusp C (e.g., Godthelp et al. 1999; Solari 2003) . Lestodelphys shows no development of a stylar cusp C in 92% of the specimens analyzed (n ¼ 108). What appears to be a possible stylar cusp C was observed just in the M1 of 4 or 5 of the specimens examined, and only as part of the anterior crest of the stylar cusp D. Specimens with dP3 (n ¼ 5) and almost unworn teeth present a tiny stylar cusp C, which also is associated to the stylar cusp D.
Sequence of eruption of the last premolars (P3 and p3) and molars (M4 and m4).-The eruption of M4 preceded that of P3 in all the maxillae. Only in 2 cases (3%) was M4 not in its final position while P3 was still erupting (one-half of the tooth already being above the level of the alveoli in labial view). In the mandibles (n ¼ 54), 68.5% of the eruption process in m4 preceded that of p3, with m4 fully erupted when p3 remained hidden to partially erupted. In 14 cases (29%), m4 was still mounted on the ascending ramus of the coronoid process while p3 was erupting (one-half of the tooth already being above the alveolus in labial view). Only in 3 cases, p3 was found totally encrypted and m4 still mounted on the ascending ramus of the coronoid process and partially encrypted. Comparing the eruption pattern of the last permanent premolars, P3 slightly preceded that of p3. The replacement of the deciduous pre- molars shows the same pattern (i.e., specimens still having dp3 already showing the tip of P3, which was emerging from the alveolus). P3 erupts lingually to dP3 and p3 slightly labially and fairly straight from underneath dp3.
Deciduous premolars.-The shape of the deciduous premolars found in L. halli is shown in Fig. 5 . The classification according to cusp patterns and general structure is molariform for upper deciduous premolars and intermediate for lower ones (see Voss et al. 2001 ). The size percentage relating the occlusal area of the deciduous with the following tooth (i.e., the 1st permanent molars M1 and m1) is 44% for dP3 and 26% for dp3. The root pattern of the deciduous premolars is 3 for dP3 and 2 for dp3.
DISCUSSION
Although the specimens analyzed come from sparsely distributed localities throughout most of the species range (Martin 2003; Appendix I) , the characters show a unimodal distribution and the values for each measurement fall well within the calculated range for a conspecific sample. The low variability of tooth size and tooth-row length (m1-4, and P1-M4 and M1-4) observed in the sample analyzed is indicated by the low coefficients of variation, consistent with those found in populations of a single species (Archer and Dawson 1982; Simpson et al. 1960 ). The highest coefficients of variation are found in coronoid width, articular condyle width, length of maxillopalatine fenestrae, length and area of M4, and mandibular height and width. Some of these measured traits (e.g., coronoid width and mandibular height) showed positive rate of growth in other didelphids (e.g., Lutreolina crassicaudata and Didelphis albiventris- Flores et al. 2003) , and although the specimens analyzed here are all adults with fully erupted teeth, certain variation according to age is expected. Other traits (e.g., length and area of M4 and length of maxillopalatine fenestrae) can only be related to the high intraspecific variability observed when analyzing a large sample (see below).
The nasal bones are relatively broad compared to Thylamys, in which they appear parallel or almost parallel, with a lessmarked M shape. The general shape is similar to that of Gracilinanus but more robust and with a wider posterior extension. The maximum extension of the nasals reaches M3 in lateral view. This character can be and has been used not only in Lestodelphys but in other small didelphids as diagnostic because of its low intraspecific variability (e.g., Solari [2003] for Thylamys).
The postorbital processes and supraorbital crests (characters 34 and 35 of Voss and Jansa [2003] ) are highly variable in the sample analyzed here. The postorbital processes are present in some specimens of L. halli, sometimes associated with supraorbital crests and sometimes just as small hornlike projections not associated with any well-marked crest. The different stages of crest development in the frontal bones are not as marked as in Monodelphis, but certainly not as inconspicuous as in some species of Thylamys (i.e., T. venustus). L. halli shows a different pattern from some species of Thylamys, which show a pair of slightly marked crests running back to the suture between frontal and parietal bones (e.g., T. pusillus). If present, crests join close to the frontoparietal suture in L. halli. The absence of a sagittal crest is typical for many ''marmosines'' (species of the genus Marmosa sensu Tate [1933] ) to which Lestodelphys has been mentioned as a sister taxon (see above).
According to Marshall (1977) and Reig et al. (1987) , the palatal vacuities (fenestrae and foramina as used here) in Lestodelphys are very large. However, I found gradation in size, shape, and extension of these fenestrae and foramina, from specimens showing an almost completely ossified palate, to those with highly fenestrated palates. Variation in fenestration was not correlated with tooth wear; some highly fenestrated palates are found in specimens with heavily worn teeth (e.g., LIEB-M-583) and highly ossified palates in specimens with unworn teeth. The specimens showing an intermediate pattern of tooth wear (approximately 70%) also have the greatest variation, from almost fully ossified to highly fenestrated palates. The largest variation was found in maxillopalatine fenestrae, becoming polymorphic for the taxon. This pattern of fenestration is similar to that observed in southern specimens of Thylamys, commonly assigned to T. pusillus or T. pallidior (i.e., Birney et al. 1996b) , but this genus is in need of a complete revision and diagnosis. These Patagonian specimens of Thylamys have medium-sized maxillopalatine fenestrae (sometimes closed at the maxillopalatine suture) and no maxillary fenestrae, a variation in palatine fenestrae (from present and large to absent or very small), and huge posterolateral palatal foramina extending to (but not anterior of) the protocone of M4. Archer (1981) postulates that palatal vacuities should be large in response to arid and more xeric environments, closing as individuals become older and specialize toward a more carnivorous diet. Although the feeding preferences of L. halli are not known, mouse bones and fur were found in stomachs of captured specimens (Birney et al. 1996a; Redford and Eisenberg 1992) . It could be hypothesized that a predominantly invertebrate diet in early stages of development would be modified into a predominantly vertebrate diet (mainly rodents) in adulthood. This has been mentioned before (Marshall 1977; Thomas 1921) and would be consistent with the environmental constraints the species has to deal with. If this is true, palate ossification should be progressive and with final stages of development closer to Monodelphis (where the palate is mostly ossified) than to Thylamys or Gracilinanus, which is not the case of L. halli (see above). Heat exchange is another reason proposed by Archer (1981) for a highly fenestrated palate, but this does not make sense because L. halli lives throughout areas with a variety of weather conditions, from temperate cold to warm (in the southwest and northwest of its distribution, respectively). Finally, Tate (1933) stated that this fenestration pattern could be due to the resorption of osseous tissue. This would be true if most adult specimens had a condition of highly fenestrated palates, which is not what has been observed (see above). The reason this variation in fenestration pattern has not been mentioned before could be because large series of specimens have not previously been analyzed.
The tympanic bullae are inflated and large in comparison to other ''marmosines'' of similar size (even larger than in the Patagonian species of Thylamys). The alisphenoid covers most of the tympanic ring formed by the ectotympanic, without enclosing it completely and not joining the petrous bone, leaving a small opening to the base of the cranium. This opening is never as large as in Thylamys and Gracilinanus, with the pattern observed showing a gradation from not enclosed to almost fully enclosed (Gracilinanus fi Thylamys fi Lestodelphys). In all other ''marmosines'' the alisphenoid bulla does not extend ventrally. The pattern of Thylamys and Gracilinanus leaves the ectotympanic visible ventrally in different proportions (highly visible in Gracilinanus and showing a range of gradation in Thylamys). The ecological significance of an enlarged bulla in dasyurids and other mammals has been mentioned by Archer (1981; and references therein) to influence the way sound is perceived and as an adaptation for predator avoidance, especially in sparsely vegetated areas. Although we do not have much information about ecological traits of L. halli, we do know it inhabits open or partially open areas, and its proportion in owl pellets is far from being abundant.
The variation in molar size and tooth structure in L. halli are consistent with what has been described for ''marmosines'': a serially repeated structure (the teeth) that has proved to be highly adaptable to different feeding substrates and has experienced very small changes during the evolution of the group (Goin et al. 1992; Szalay 1994) . Cusp arrangements in last upper and lower molars were highly variable, hence this character should be used with caution as diagnostic. The high coefficient of variation observed in the length of M4 is related directly to development (posteriorly) of the metacone, which also is reflected in a larger molar area (with a high coefficient of variation as well). Measuring the width of lower molars at the widest point (trigonid) obscured cusp variation in m4.
The presence of certain stylar cusps is a difficult character to evaluate when the sample size is small. Flores and Abdala (2001) showed that variation occurs in the presence and position of stylar cusp C in Didelphis albiventris and D. marsupialis, after analyzing 156 skulls. Differences were even found in dentaries of the same specimens, which is consistent with the observations presented here for L. halli. Having a stylar cusp C is certainly not the case of L. halli, with only a few unworn M1s showing a tiny cusp in this position.
The eruption order supposedly is similar in maxilla and mandible, with mandibular teeth preceding the maxillary functional antagonists (Smith 2000) . L. halli shows the opposite pattern, at least in deciduous premolars, 3rd permanent premolars, and last molars. Eruption and full attainment of M4 functionality before P3 is consistent with the pattern described for Marmosops incanus (Tribe 1990) . As for p3 and m4, L. halli shows the same pattern described for M. incanus and Micoureus (Tribe 1990; Vidigal and Patton 1996; respectively) , with attainment of p3 functionality after m4 becomes fully functional. It is interesting to note that the general sequence of eruption in L. halli is the same as in Marmosops. Recently, Voss and Jansa (2003:54, figure 21 ) presented an analysis of combined data (nonmolecular characters plus interphotoreceptor retinoid binding protein 2) showing a relationship between 5 species of Marmosops, Gracilinanus microtarsus, 2 species of Thylamys, and L. halli. Although studies of eruption patterns in the species mentioned above are lacking, they should be similar if the state of this character has any phylogenetic value. This would add ontogenetic support to the monophyly of the clade.
According to the analysis of deciduous premolar structure and area presented by Voss et al. (2001) , the upper and lower premolars of L. halli should be coded as molariform and intermediate, respectively. A similar pattern has been observed in the dP3 of some species of Thylamys, which is clearly tribosphenic. However, dp3 is not like in any species of Thylamys. In Lestodelphys, this tooth can be described as intermediate in state because it lacks a well-defined talonid, and the cusps are not fully marked.
The specimens of L. halli analyzed showed great variability in some characters, without significant differences among different localities (except for small samples). These craniomandibular and dental features show that ''marmosines'' are highly variable in some aspects of their cranial anatomy and that intraspecific differences should be taken into account when looking at small series of specimens. However, characters (e.g., dental) that show little (if any) intraspecific variability should be used after several specimens are analyzed and the variation is coded. If this variation is not accounted for, misinterpretations of the actual species diversity, especially within polytypic genera (e.g., Thylamys) or fossil remains, will lead to a confusing diagnosis and taxonomic inflation.
Differential Diagnosis of L. halli
Description based on craniomandibular and dental characters.-General appearance similar to that of the genus Thylamys, but with larger, more robust teeth. Intermediate in size between Thylamys and Thylatheridium. Skull with shortened rostrum, widely spread and robust zygomatic arches, and no gap in the tooth row. Auditory bullae large, formed mainly by an inflated tympanic process of the alisphenoid anteriorly, with significant contributions from the ectotympanic laterally and the ventrally anterior and dorsoposterior processes of the periotic. Nasals expanded in posterior one-third, but narrow at anteriormost end, closely resembling Gracilinanus rather than Thylamys. Interorbital region narrow, with or without small postorbital processes, which sometimes show a slightly marked crest that never joins to form a sagittal crest. Braincase smooth, lambdoidal ridges small but conspicuous, especially in older individuals. Incisive foramen small and straight, maxillopalatine fenestrae medium sized, sometimes closed at the junction of the maxillary and palatine bones, palatine fenestrae small and rounded to completely ossified (absent), posterolateral palatal foramina generally extending to (but not anterior of) the protocone of the last upper molar. No presence of maxillary or any other accesory fenestrae. Mandibular body relatively high, ventrally curved in its medial to posteriormost portion. Wide condyloid process. Incisors small, subequal in size. The 1st upper incisors separated from the rest by a small diastema. Lower incisors crowded, staggered i3 procumbent. Canines strong and slightly procumbent. Birooted upper and lower premolars increase in size from 1st to 3rd (always P3/p3 . P2/p2), all with a distinct posterobasal cusp. Upper last premolar higher than metacone of all molars. Deciduous upper premolar with 3 roots, typically molariform (as in species of Thylamys) and is one-half the area of the following molar (M1). Deciduous lower premolar with 2 roots, intermediate in its form (does not show a typical tribosphenic pattern), and is one-fourth the size of the following molar (m1). Upper molars short but expand lingually, with reduced and compressed protocones, long metacrists, reduced paracones, well-developed ectoflexus especially in M2-3, with a reduced stylar cusp D in M3, very rarely with a tiny stylar cusp C associated with crests of either stylar cusp B or D, M4 highly compressed with a posterior notchlike metacone. Lower molars long, with compressed tallonids (especially m4), increasing in size from m1 to m4, well-developed anterior cingula.
RESUMEN
La comadreja patagónica, Lestodelphys halli, era conocida hasta hace muy poco solo por algunos ejemplares trampeados y varios fragmentos recuperados de egagrópilas de aves rapaces. Para el presente trabajo se han recolectado y estudiado más de 300 restos de L. halli, lo que constituye la colección más grande reunida hasta este momento. Se brinda un detallado análisis intraespecífico de la variación dentaria y cráneomandibular y se compara con otros marmosinos. Las medidas tomadas fueron comparadas con otros especímenes de L. halli citados en la literatura y otros que permanecían inéditos. No se encontraron diferencias métricas significativas entre los especímenes aquí reportados y los existentes en la literatura. Se discute la variación intraespecífica y se presenta una nueva descripción de la especie. 
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